U pper-extremity (UE) pain is a common secondary complication after spinal cord injury (SCI), with reported prevalence ranging from 30% to 70%. [1] [2] [3] [4] [5] [6] Both the incidence and severity of UE pain increase with time postinjury. 5, 7, 8 The shoulder joint is the most common location of UE pain after SCI, 5 and the etiology is most commonly attributed to chronic impingement syndromes (75%) 6, 9 and rotator cuff tears (65%-71%). 9 Without intervention, shoulder pain after SCI is associated with additional losses in function and community mobility. 4,10 -12 Lundquist and colleagues 13 identified pain, in general, as the only factor correlated with lower quality-oflife (QOL) scores following SCI. More specifically, Gutierrez et al 14 identified a significant negative correlation between the magnitude of shoulder pain and both physical activity and QOL scores following SCI. These findings highlight the need to identify interventions that can reduce shoulder pain and thereby preserve both UE function and QOL following SCI.
In contrast to people without disabilities, individuals with SCI who develop shoulder pain are unable to rest their arms because they are dependent upon their UEs for both locomotion and typical daily activities. Surgical repair of rotator cuff tears requires complete arm rest for 6 weeks following surgery. 15, 16 Therefore, this is not a realistic option for this population because adherence to the postsurgical recommendations would be the equivalent of complete bed rest. More realistic and appropriate for this population is the development of nonoperative, evidence-based interventions for shoulder pain and rotator cuff injury.
Strengthening exercises for the rotator cuff muscles are commonly prescribed for individuals without disabilities who have impingement syndrome prior to considering any shoulder surgical intervention. [17] [18] [19] Previous studies have demonstrated that strengthening exercises of the shoulder rotators and scapular stabilizers in adults without disabilities who have chronic inflammation yield improvement and are as clinically effective as surgery, without the high cost associated with surgery. 19 -22 Preliminary evidence suggests that similar stretching and strengthening programs modified for the specific needs of individuals with SCI could be effective in reducing shoulder pain secondary to subacromial impingement syndromes. Three prior studies documented the impact of an exercise program on shoulder pain in individuals with SCI, [23] [24] [25] with 2 of the 3 studies reporting a statistically significant decline in shoulder pain following the stretching and strengthening intervention. 24, 25 Small sample size, 25 inadequate control groups or lack of randomization, [23] [24] [25] and insufficient documentation of the exercise resistance load 23 limit the studies' findings.
Because paralysis of the lower extremities mandates increased demands on the shoulder joints from repetitive weight-bearing activities, individuals who develop shoulder pain after SCI may benefit from an intervention that directly addresses those tasks. Modification of task performance technique to reduce the forces on the shoulder joint and optimize muscle performance has the potential to protect the joint complex while preserving functional ability of the individual. Prior investigations that have detailed the joint motions, forces, and muscle activity patterns during particular UE activities in people with SCI provide guidance for optimizing task performance. 26 -33 For example, adjusting the heights of transfer surfaces to make them level whenever possible will reduce the demands on the muscles of the shoulder and thereby reduce the potential for subacromial joint impingement. 32 Recommendations from laboratory research and clinical studies to preserve upperlimb function after SCI were recently compiled into a clinical guide for practitioners. 34 However, no known controlled studies have investigated the effectiveness of these recommendations on the reduction of shoulder pain in people with SCI.
The primary purpose of the Strengthening and Optimal Movements for Painful Shoulders (STOMPS) trial was to investigate the effect of a homebased exercise program, combined with instruction to optimize performance technique of UE tasks, on shoulder pain in people with SCI. Secondary purposes of the STOMPS trial were to determine the impact of the intervention on physical activity and participation, including healthrelated and overall self-reported QOL, and to identify whether improvements in pain or function would be maintained for 4 weeks after the end of the intervention. We hypothesized that an intervention of shoulder stretching and strengthening exercises combined with movement optimization training would reduce shoulder pain in people with paraplegia and consequently improve physical activity and participation to a greater extent than an attention control intervention.
Method Design Overview
This prospective randomized controlled trial was approved by the institutional review boards of the University of Southern California, Los Angeles, California, and Rancho Los Amigos National Rehabilitation Center (RLANRC), Downey, California. All participants were assessed by a blinded evaluator before and after the 12-week intervention and at 4 weeks after the end of the intervention (week 16).
Setting and Participants
Participants were self-selected and volunteered in response to flyers posted at outpatient clinics at RLANRC. Informed consent was obtained, and individuals were screened to determine eligibility. People were candidates for inclusion in the study if they: (1) had postpubescent onset of paraplegia at age 14 years or older, (2) had an SCI of at least 5 years' duration, (3) were between 19 and 75 years of age, (4) had unilateral or bilateral shoulder pain that interfered with at least one functional task (eg, transfers, wheelchair propulsion), (5) used a manual wheelchair for mobility at least 50% of the time, and (6) had the ability to understand informed consent. Individuals were not admitted to the study if any of the following criteria were present: (1) hospitalization within the previous month; (2) cortisone injection to the shoulder within the previous 4 months; (3) fracture within the previous year; (4) shoulder surgery to the painful side within the previous year; (5) diagnosis of complete rotator cuff tear, rheumatoid arthritis, adhesive capsulitis at the shoulder, or complex regional pain syndrome; (6) positive findings on all 3 clinical tests for full-thickness rotator cuff tear ( Jobe's Empty Can Test, 35, 36 Codman's Drop Arm Test, 37, 38 and resisted external rotation 38 ); (7) any serious medical conditions; (8) major depression; or (9) alcohol abuse.
Randomization and Interventions
Once determined eligible for inclusion into the study, participants were enrolled. Decentralized randomization to 1 of 2 intervention groups was implemented by the Data Management Center of the
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What do we already know about this topic?
Shoulder pain is a common problem for patients after spinal cord injury (SCI). Untreated, shoulder pain may lead to additional losses in function and community mobility. Preliminary evidence suggests that shoulder strengthening and stretching exercises may reduce shoulder pain in patients after SCI.
What new information does this study offer?
This randomized controlled trial demonstrated that a 12-week home exercise program, paired with instruction to optimize movement performance, will result in a significant and persistent reduction in shoulder pain as well as significant improvements in muscle strength and in healthrelated and overall quality of life.
If you're a patient, what might these findings mean for you?
Physical Therapy Clinical Research Network (PTClinResNet) referencing a computer-generated randomization list. Allocation was concealed until the time of intervention assignment. All of the enrolled and randomized participants received 2 payments of $50 as incentive for participation, the first issued at the baseline visit and the second at the 4-week postintervention visit. At the end of the final assessment, all participants were offered the opportunity to receive the intervention administered to the other intervention group.
Exercise/movement optimization group. Participants received instruction by a physical therapist in a 12-week shoulder home exercise program (HEP) and in strategies to optimize transfers, depression raises, and wheelchair propulsion technique. A binder with written instructions and picture illustrations for all stretches and exercises, as well as the necessary exercise equipment of elastic bands and a dumbbell, were provided. Participants were asked to maintain a Physical Activity Calendar to note any adverse responses to the HEP and to track adherence to the exercise program.
The shoulder HEP consisted of a stretching phase, a warm-up phase, and a resistive shoulder exercise phase, all to be performed 3 times per week for 12 weeks (eAppendix 1; available at ptjournal.apta.org). The stretching phase included stretches for the anterior and posterior joint capsules and surrounding musculature, plus the upper trapezius muscle (Fig. 1) . The warm-up phase included 4 non-resisted active movements. The resistive exercise phase consisted of the identical 4 exercises performed during the warm-up phase; however, performance instructions promoted either hypertrophy or endurance. The physical therapist established a stan- 
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dardized level of resistance at the initial intervention visit according to the ability of the participant and based upon guidelines by the American College of Sports Medicine. 39 The level of resistance was manipulated by adjusting the color and length of the Dura-Band resistive bands* or the weight of the hand weight. The bands were selected to achieve an 8-repetition maximum resistance level for the hypertrophy protocol or a 15-repetition maximum resistance for the endurance protocol. 40, 41 The muscle hypertrophy exercises targeted shoulder external rotation and diagonal extension with adduction motions, and muscle endurance exercises included humeral elevation in the scapular plane and scapular retraction (Fig. 2 ). Participants were instructed to perform 3 sets of 8 repetitions for each hypertrophy exercise and 3 sets of 15 repetitions for the endurance exercises, with a 1-to 2-minute rest interval between sets (eAppendix 1).
Participants returned for strength (force-generating capacity) and technique performance reassessment 4 weeks into the intervention to: (1) reassess appropriate levels of resistance to meet the intended 8-and 15-repetition maximum intensity for the hypertrophy and endurance exercises, respectively, with adjustment as needed; (2) ensure that exercises were being performed appropriately; and (3) indirectly measure adherence to the exercise protocol based upon their familiarity with and ability to perform the exercises. At the end of the 12-week intervention, participants were allowed to keep the exercise equipment and were told they could continue the exercises, stop them, or restart the exercises if the shoulder pain recurred.
Movement optimization recommendations were aimed at reducing the risk of shoulder injury. All participants were provided with a list of 10 recommendations to improve performance and efficiency of transfers and depression raises and a list of 9 recommendations to optimize wheelchair propulsion (eAppendix 2; available at ptjournal.apta.org) and received verbal reinforcement of the concepts. The transfer and raise maneuver recommendations focused primarily on modification of the height of the transfer surface or positioning of the hand, arm, and trunk. Recommendations for optimal wheelchair propulsion performance focused on propulsion technique and energy conservation. Participants were asked to demonstrate performance of those activities that provoked shoulder pain. The intervention physical therapist assessed their task performance observationally and emphasized those specific recommendations (eAppendix 2) for the related activities.
Attention control group. The attention control intervention was designed as a sham intervention to give participants time and attention from a clinician. Participants randomly assigned to this group viewed a 1-hour instructional video emphasizing shoulder anatomy, mechanisms of injury, and general concepts in managing shoulder pain. A handout on the video and an educational brochure regarding general shoulder care were provided to all attention control group participants. The information was intentionally general and did not contain recommendations to change behavior. Muscle strengthening exercises. Hypertrophy exercises using an 8-repetition maximum resistance for (A) shoulder adduction and (B) shoulder external rotation. Endurance exercises using a 15-repetition maximum resistance for (C) shoulder elevation in the scapular plane and (D) scapular retraction.
Outcomes and Follow-up
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to score Ͼ90% on a standardization score sheet that included all components of each procedure) and kept blinded to group assignment. Outcome measures for each participant were assessed by the same physical therapist at baseline, at the end of the 12-week intervention, and again at 4 weeks after the end of the intervention. We used the World Health Organization's International Classification of Functioning, Disability and Health (ICF) model as a theoretical framework for selecting our outcome measures. 42 The primary outcome measure was the presence and severity of shoulder pain (in the body function and structures domain of the ICF), as measured by the Wheelchair User's Shoulder Pain Index (WUSPI). 43 The WUSPI is an aggregate index of participantreported intensity of shoulder pain during 15 different activities, including transfers, activities of daily living, and mobility, performed from a wheelchair. The questionnaire utilizes a series of visual analog scales (VASs) consisting of 10-cm lines anchored by "no pain" and "worst pain ever experienced," with a maximum total score of 150. The WUSPI has been shown to be both reliable and valid for people with SCI. 44 Secondary outcome measures within the ICF domain of body function and structures included a single-item VAS (0 -10 cm) for rating shoulder pain 45 and measures of shoulder strength. Muscle strength was assessed by measuring maximal force production with a Micro-FET handheld dynamometer † (HHD) during resisted isometric contractions of the following shoulder motions: elevation in the plane of the scapula, adduction, internal rotation, and external rotation. Measurement of shoulder muscle force production using an HHD has been shown to be highly reliable in people with SCI, with intraclass correlation coefficients for intrarater reliability from .89 to .96. 46 Torque values were calculated by multiplying the maximal forces by the distance of the lever arms used for resistance.
Secondary outcome measures assessing the ICF domain of activities included self-selected wheelchair propulsion speed over a 25-m distance and the Physical Activity Scale for Individuals With Physical Disabilities (PASIPD). 47 The PASIPD assesses how physically active a person has been in the previous week and was designed for people who have a disability. It covers leisuretime activities, household activities, and work-related demands. 47 The ICF domain of participation was addressed by measuring community involvement and QOL using the Social Interaction Inventory (SII) (formerly called the Community Activities Checklist), 48 the 36-Item Short-Form Health Survey (SF-36) questionnaire, 49 and the Subjective Quality of Life Scale (SQOL). 48 The SII is a 16-item questionnaire that asks people to indicate how many times during the previous 7 days they engaged in a range of specified social activities, with a possible range of scores from 0 to 84. 48 Its test-retest reliability is .87 over a 3-week interval, and it has proven to be a valid outcome measure for interventions designed to improve functioning among people with a disability, including those with an SCI. 50 The SF-36 is one of the most widely used health status evaluation tools and has been proven valid. 49 The instrument consists of 36 questions that require respondents to rate items related to 8 conceptual areas, including general health, ability to perform certain physical tasks, level of pain, emotional state, and limitations in usual activities. The SQOL was developed to assess a person's self-reported rating of overall QOL. 48 The SQOL uses a 7-point Likert scale with a low rating of 1 and a high rating of 7. Descriptors anchor the low end ("Life is very distressing"), the high end ("Life is great"), and the middle ("Life is so-so"). Participants are asked to make an overall rating of their current life, taking everything into account. It has shown both good validity and reliability and has been shown to correlate negatively with measures of depression and positively with measures of life satisfaction. 51
Statistical Analyses
Power analysis using a repeatedmeasures analysis of variance (ANOVA) design (powerϭ80%, with a one-tailed P value of .05) determined that 30 participants for each intervention group were required to detect a significant difference in change of WUSPI scores between groups with a medium effect size (dϭ0.65, effect sizeϭbetween-groups difference in mean change scores divided by the pooled standard deviation). To compensate for expected attrition, we planned to enroll 40 participants per group. Statistical analyses were conducted at the .05 significance level using SPSS (version 12.0). ‡ Data were screened for normality using the Shapiro-Wilks test. Demographic and medical history characteristics were compared between the exercise/ movement optimization and attention control groups using ANOVAs for means and chi-square or Fisher tests for proportions.
Primary analyses of the outcome measures (WUSPI, VAS, shoulder torque, PASIPD, SII, SF-36, and SQOL) were conducted using data from the baseline and immediate postintervention assessments. Because our † Hoggan Health Industries, 8020 South 1300 West, West Jordan, UT 84088. ‡ SPSS Inc, 233 S Wacker Dr, Chicago, IL 60606.
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primary purpose was to establish the effects and functional impact of our intervention, we elected to complete the primary analyses on the evaluable participants (ie, those participants who completed the intervention and returned for the immediate postintervention assessment). Repeated-measures ANOVA models were used to determine the interaction effects of intervention group and time (baseline versus immediate postintervention). A one-sided test was used because we hypothesized that there would be greater improvement in the exercise/movement optimization group than in the attention control group and we considered results of no difference or in the opposite direction as lack of support for our hypothesis. When a significant interaction between group and time was identified, post hoc comparisons were conducted to determine whether the changes over time were significant within each intervention group. Similar analyses were conducted to evaluate the difference in shoulder pain outcomes in response to the exercise/movement optimization intervention between participants who demonstrated specific pain-inducing activities and those who did not and to evaluate the persistence of the treatment effects at 4 weeks for all outcomes in both intervention groups. In the latter case, each outcome variable was compared over time between the immediate postintervention assessment and the final assessment 4 weeks later.
We also report the results of an intention-to-treat (ITT) analysis of all randomized participants across the 3 assessment times using a mixed linear model analysis to accommodate missing values. The means at each time interval using the ITT analysis include values from all participants regardless of whether they completed the invervention or subsequent outcome assessments. Intervention group and time were included in the model as fixed effects, and the intercept of the dependent variable at baseline across participants was the random effect. 
Role of the Funding Source
Adverse Events and Adherence
Of the 80 participants who were randomized into an intervention group, 9 (11%) withdrew from the study prior to receiving the intervention (5 in the exercise/movement optimization group and 4 in the attention control group) (Fig. 3) . One participant in the exercise/movement optimization group developed a pressure ulcer, and 1 participant in the attention control group withdrew because of unexplained weight loss. The remaining 7 participants were lost to follow-up. An additional 13 participants (16%) withdrew from the study before completing the 12-week intervention period (9 in the exercise/movement optimization group and 4 in the attention control group). Of the 9 participants who withdrew from the intervention in the exercise/movement optimization group, 6 were lost to follow-up, and 3 dropped out and cited reasons of:
(1) a perception that the exercises were causing neck pain, (2) renewal of outpatient physical therapy sessions following a fall in the community unrelated to the study, and (3) an infected spider bite. Reasons for withdrawal in the attention control group were: 3 participants were lost to follow-up, and 1 participant developed a deep vein thrombosis. Six additional participants in the attention control group withdrew from the study after completing the immediate postintervention assessment but prior to the 4-week follow-up assessment. Five of the 6 participants were lost to follow-up, and 1 individual died from aortic dissection. No significant differences in demographics or baseline outcome measures existed between participants who withdrew and those who completed the immediate postintervention evaluation.
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Adverse events (AEs) were monitored and reported according to the protocol approved by the Data Monitoring and Safety Committee. There were 27 cumulative AEs that occurred in 23 participants. The proportion of participants experiencing any AE was similar in the exercise/movement optimization group and the attention control group: 12 (30%) and 11 (28%), respectively. Two AEs (increased neck pain and elbow abrasion) were related to the study and occurred in the exercise/movement optimization group. The remaining 25 AEs were not related to the study, and 9 were considered serious. Serious, non-study-related AEs associated with the exercise/movement optimization group were: a breast biopsy and lumpectomy, bladder surgery, wrist surgery secondary to carpal tunnel syndrome, a pressure ulcer requiring hospitalization, and a kidney infection requiring hospitalization. The exercise program was interrupted temporarily for 2 participants who had serious non-studyrelated AEs. The remaining serious AEs occurred after the intervention was completed (nϭ2) or was the reason for withdrawal (nϭ1). Serious, non-study-related AEs associated with the attention control group were: a death due to aortic dissection, abdominal surgery and gall bladder removal, bilateral shoulder pain following a wheelchair-related accident in the home, and a femur fracture requiring bracing following a fall.
Non-study-related, nonserious AEs in the exercise/movement optimization group were: a fall (nϭ2), a leg ulcer (nϭ1), starting smoking (nϭ1), a spider bite developing into an abscess (nϭ1), a bladder infection (nϭ1), wrist pain (nϭ1), and a urinary tract infection (nϭ1). Nonstudy-related, nonserious AEs in the attention control group were: shoulder pain (nϭ1), a fall (nϭ3), an emergency cholecystectomy (nϭ1), a deep vein thrombosis (nϭ1), unexplained weight loss (nϭ1), and migraine and neck pain (nϭ1).
Four people (out of 26) in the exercise/movement optimization group were unable to demonstrate adequate performance of the exercises at the reassessment 4 weeks after Outcomes at Baseline and Immediately Postintervention Movement optimization. Of the 35 participants who received the exercise/movement optimization intervention, 17 individuals demonstrated specific activities that provoked shoulder pain and received instruction from the intervention therapist in how to modify their movement performance technique to reduce stress on the shoulder. Transfers were modified in 12 participants, with specific recommendations to avoid internal rotation of the shoulder, to keep hands on transfer surfaces, to lead with the painful arm, to lean the trunk forward, and to use a stool for an intermediate surface when the target transfer surface was significantly higher or lower than the wheelchair. Wheelchair propulsion technique or setup was modified in 6 participants, with specific recommendations to move the rear wheel axle forward, to avoid inclines, and to consider a lightweight wheelchair.
Bodily function. The primary outcome measure of WUSPI scores and secondary outcome measures of single-item VAS scores, shoulder torques, PASIPD scores, wheelchair propulsion speed, and SII, SF-36, and SQOL scores are summarized in Table 2 . Data are reported as mean and standard deviation. Analysis of the WUSPI scores identified a significant interaction between intervention group and time (PϽ.001). Shoulder pain, as measured with the WUSPI, was reduced at the immediate postintervention assessment in the exercise/movement optimization group to approximately one third of the baseline values (from 51.2Ϯ33.0 to 14.9Ϯ14.0, PϽ.001), but was unchanged for those in the attention control group (from 45.4Ϯ38.8 to 45.6Ϯ38.2) (Fig. 4) . The single-item VAS measure of overall shoulder pain also was reduced to one third of baseline values in the exercise/movement optimization group (from 5.1Ϯ2.8 to 1.4Ϯ1.6, PϽ.001), but was not significantly reduced for those in the attention control group (from 4.7Ϯ2.7 to 4.2Ϯ2.7) (Tab. 2). 
Outcomes at 4-Week Postintervention Follow-up
The reduction in shoulder pain for participants in the exercise/movement optimization group was maintained at the 4-week postintervention follow-up assessment (Tab. 3, Fig. 4 ). For participants in the attention control group, the high levels of shoulder pain recorded at the immediate postintervention assessment were not significantly reduced at the 4-week follow-up assessment (Tab. 3). Community activity levels, overall SQRL scores, and SF-36 scores also were unchanged in both groups from the immediate postintervention assessment to the 4-week follow-up evaluation (Tab. 3).
Approximately half of the participants in the attention control group requested and received the exercise/ movement optimization intervention at the end of the 4-week follow-up assessment. This intervention was documented only anecdotally because it was not a formal part of the STOMPS trial, and no follow-up assessment was planned.
Intention-to-Treat Analysis
Results of the ITT analysis of all 80 randomized participants across the 3 assessments were similar to those of the primary analysis, which included only participants who completed the intervention. In the ITT analysis, greater improvement was seen in the exercise/movement optimization group than in the attention control group for isometric shoulder torques (except for external rotation) and scores on the WUSPI, single-item VAS, PASIPD (physical activity), SQOL, SF-36 physical component score, and SF-36 subscales of bodily pain, role-physical, and social functioning (Tab. 4). There were no significant differences between groups in response to the intervention using the ITT analysis for the external rotation torque, wheelchair propulsion speed, the SII, the SF-36 mental component score, and the remaining SF-36 subscales.
Discussion
We demonstrated a marked reduction in shoulder pain levels in individuals with SCI using a relatively simple home exercise intervention coupled with assessment and modification of performance technique for several UE weight-bearing activities. Consequently, this study provides the only evidence from a randomized controlled trial for the effectiveness of an intervention that includes exercise in reducing chronic shoulder pain in individuals with SCI. The magnitude of the pain reduction is particularly noteworthy, given that the participants' average duration of shoulder pain was greater than 5 years (65.7 months). Moreover, the extent of pain reduction demonstrated in this study is more than 2 times greater than the estimate of a minimal clinically important reduction of chronic pain in patients treated for rotator cuff disease (1.4 cm on a 10-cm VAS). 55 
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Although the exercise/movement optimization intervention significantly reduced shoulder pain levels, participants in this group did not demonstrate increases in the physical activity or community activity measures (wheelchair propulsion speed, PASIPD scores, and SII scores). This finding is contrary to our hypothesis and what would be expected, given the findings of Gutierrez and colleagues, 14 who documented a significant correlation between shoulder pain levels and both physical activity and community activity scores. However, the improvement seen in health-related QOL, particularly in scores on the role-physical and social functioning subscales of the SF-36, suggests that the reduction in shoulder pain allowed individuals to more successfully complete their social and life role activities. This discrepancy in results might reflect differences between outcome measures in the quantification of activity. Both the PASIPD and the SII measure the frequency of performing specific activities (prespecified by the test designer), whereas the SF-36 permits the respondent to assess social activities and life roles in general to reflect those that are pertinent.
The results of our randomized controlled trial generally are consistent with the few studies in the literature that investigated the impact of an 
exercise program on shoulder pain in individuals with SCI. [23] [24] [25] The similarities and differences in muscle strengthening protocols between this study and prior investigations are worth noting. Our goal was to develop an exercise program that was effective, required minimal equipment, and was brief enough to minimize the added burden on participants who already have heavy self-care demands. The rotator cuff muscles were the primary focus of our strengthening protocol in this trial, which was most similar to that used in the study by Curtis and colleagues. 23 The primary difference in protocols between the 2 studies was that strengthening exercises were performed 3 times per week in the STOMPS trial and daily in the study by Curtis et al. In addition to possible overtraining with daily exercise, the more modest reduction in shoulder pain seen in the study by Curtis and colleagues was likely related to mild levels of initial shoulder pain, with only 50% of participants having shoulder pain at entry into the study.
The strengthening exercises used by Nawoczenski and colleagues 24 focused primarily on scapular muscles using electromyographic-guided exercise prescription, but also included an exercise for the shoulder external rotator muscles. The magnitude of shoulder pain reduction documented in the study by Nawoczenski et al was similar to that found in the STOMPS trial. In contrast, Nash and colleagues 25 utilized a gym-based circuit resistance training program with exercises designed for overall strength and power building as part of a general fitness program. On average, the participants in their study had less-severe initial shoulder pain than those in the STOMPS trial (initial WUSPI score of 32 versus 48, respectively). Based on our clinical experience, individuals with moderate to severe shoulder pain do not tolerate typical power-building exercises with UE weight bearing, such as dips, at least initially, until their pain levels have subsided. Therefore, at least some of the participants enrolled in the STOMPS trial who initially had greater pain severity may not have been able to tolerate the protocol proposed by Nash et al. 25 One unique characteristic of the intervention tested in the STOMPS trial was the inclusion of the movement optimization component. The goal of this portion of the intervention was to reduce both the forces transmitted to the shoulder joint and the magnitude of demands on the 
stabilizing muscles of the shoulder by providing evidence-based instruction to modify the technique used to perform activities that provoked shoulder pain. Participants who demonstrated a UE activity that provoked shoulder pain and received specific instruction to optimize task performance had baseline shoulder pain levels that were nearly twice as severe as those of participants who did not demonstrate a specific UE task. The intervention was effective despite the high levels of shoulder pain, and shoulder pain levels were similar in the 2 groups at the end of the 12-week intervention. The combination of improved muscular capacity through strengthening and decreased demands by modification of movement techniques likely reduced the risk of ongoing subacromial impingement during those activities performed on a daily basis after SCI for mobility and function.
Because the 2 components of the intervention were not tested separately, however, it is not possible to determine the individual contributions of the exercise program and movement optimization instruction to the reduction of shoulder pain.
There are several limitations associated with the STOMPS trial. All of the outcomes except for isometric torques and wheelchair propulsion speed were self-reported measures, which could have been susceptible to bias from participants' expectations regarding treatment effectiveness or desire to please researchers. We do not believe this was a primary factor affecting outcomes because both interventions were presented to participants equally as potentially effective treatments, the magnitude of the changes in the experimental group was large, and outcomes unlikely to be improved with decreased shoulder pain did not change (eg, general health subscale of the SF-36). We also had a large dropout rate in both groups, but this loss was directly related to the intervention in only one participant. Participant dropout is not uncommon in research studies that require multiple visits over time for individuals with SCI, who face secondary medical complications and transportation difficulties. 56 The ITT analysis, however, confirmed the robustness of our findings despite the high dropout rate.
Among participants in the exercise/ movement optimization group who completed the 12-week intervention and immediate follow-up evaluation, adherence to the exercise program was high, with only 2 participants (6%) noted as likely nonadherent. Because the exercise intervention was primarily a home-based program, however, measurement of adherence was indirect. We also did not document whether participants actually changed their movement performance after receiving the recommendations. Additionally, participants were allowed to continue the exercise component of the intervention after the 12-week period, so the 4-week follow-up assessment likely included outcomes from participants who continued performing the exercises as well as from those who stopped the program after 12 weeks. This instruction is reflective of clinical practice, however, where clients would be expected to continue the changes in movement technique and might choose to continue the shoulder exercises. Finally, additional studies would be needed to determine whether the results of this study can be generalized to individuals with tetraplegia, who have shoulder muscle weakness due to level of injury that may not respond to exercise. 
